We studied 30 children, aged 4 to 12 years, undergoing elective circumcision, premedicated with midazolam 0.5 mg.kg-I and atropine 0.02 mg.kg-I by mouth. A modified postbox test and the coding component of the Wechsler intelligence scale (WISC-R) was used to assess the preoperative effect of premedication on psychomotor function. Mood and sedation were also scored and related to serum midazolam concentrations. The children showed a significant decline in psychomotor performance 30 and 60 minutes after premedication when compared with their best un medicated performance recorded the previous evening. This decline in psychomotor performance was only weakly associated with serum midazolam concentrations (r = 0.1). The postbox toy ratio is a suitable measurement of psychomotor performance in children because of its simplicity and ease of use in the clinical environment, although it may suffer the "test-retest" limitations of similar types of assessment. The sedative and anxiolytic effects of midazolam provide a quiet environment for a smooth induction of anaesthesia.
loss of co-ordination with associated risk of injury has been reported with 0.75 mg.kg-I oral midazolam 5 • The aim of this study was to evaluate the premedicant effect of midazolam on sedation, mood and psychomotor performance in relation to serum drug concentrations in children.
MATERIALS AND METHODS
Thirty ASA grade I Chinese children aged four to twelve years undergoing circumcision for treatment of phimosis were investigated. Children were excluded from the study if there was a history of asthma or allergies; previous adverse anaesthetic experience; halothane anaesthesia within the previous month; hepatic, renal, respiratory, cardiac or haematological disease or developmental disability. A postbox test described by Craig and colleagues 6 was modified and each child was his own control and thereby reduced the effect of interpatient variability and limited the practice effect associated with this form of assessment. The day before surgery, each child was familiarised with a postbox toy (PBT) (Figure 1 ) and the completion times of his best performance on seven attempts was recorded (after seven attempts the child's learning curve flattened and further attempts resulted in a decline in performance and boredom with the toy). Following each completed postbox assessment, the effect of premedication was also assessed by applying the coding test component of the Wechsler intelligence scale matched for the child's age and race (WISC-R) which provides a measure of the child's verbal and motor performance'. Two coding worksheets were used, one for children aged 4 to 6 years and another for children aged 7 to 15 years ( Figure 2 ). The evening before surgery, each child was taught, within the strict guidelines of the test, how to complete the coding worksheet. After successful completion of the practice items in the sample area (five items for the younger and seven for the older children), the child was encouraged to complete as many items, in order, without omission, within 120 seconds. The child's performance was then scored with a bonus awarded for a perfect completion within the allotted time viz. 111-120" score 45, 101-110" score 46,91-100" score 47, 81-90" score 48, 71-80"score 49, and 70" or less, 50. The best completion score after seven attempts was recorded for later comparison with the child's medicated performance. A figure was scored as correct if it was clearly identifiable as the keyed figure, even if drawn imperfectly or if, after realising his mistake, the child drew the correct figure next to the incorrect one. A maximum raw score of 50 points was possible for the younger child and 93 points for the older children (including any time bonus). The raw WISC-R data was then scaled to produce score equivalents adjusted for the child's age. On the day of surgery, EMLA emulsion cream 2 g (lignocaine 25 mg.g -I and prilocaine 25 mg.g -I) was applied to the cubital fossa of the non-dominant arm two hours before premedication with midazolam 0.5 mg.kg 1 (maximum dose 15 mg) and atropine 0.02 mg.kg-I by mouth. On administration of the premedicant, a 23-gauge cannula was inserted into a vein underlying the EMLA-pretreated area. Blood samples (1.0 ml) were collected into tubes containing lithium-heparin (Sarstedt LH/5) for measurement of the plasma concentration of midazolam at 30, 60, 90 and 120 minutes after oral premedication administration. At each of the blood collection times the child was offered the postbox toy and the WISC-R coding test and his fastest completion time at a single attempt recorded. The child's best preoperative unmedicated performance was divided by the child's postmedication performance at each assessment point for both the PBT and WISC-R, and the data expressed as the postbox toy completion ratio (PBTR) and WISC-R scale ratio. These assessments were performed by the same investigator at all assessment times for all patients in the study. The child's co-operation and mood level were recorded at the time of psychomotor assessment using a structured observation score' and the level of sedation was assessed using certain features of the Steward recovery score. On arrival in the operating suite, all children were assessed by the same anaesthetist as agitated or crying, awake and apparently anxiety free, drowsy, or asleep but responsive to command '0. The awake children were then asked if they felt frightened and if so, to specify the cause of their anxiety.
Plasma samples were obtained from blood after centrifugation for 15 minutes at 3000 rpm and stored at -20 QC before assay for midazolam employing an HPLC technique with UV detection at 220 nm using AnaeSl/Jesiu and Inlensi\'e Cure, Jl(J/. 22, IVO. 5, October, 1994 a programmable multi wavelength detector (Waters 490E) based on the assay technique described by Vletter and colleagues". The calibration graphs were linear over the range 40 to 2000 ng.ml-' with coefficients of variation ranging from 1.5 to 11.8%. The between-batch coefficient of variance at 40 ng.ml-' was 4.8% and 1.5070 at 500 ng.ml-' . The limit for detection for midazolam was 10 ng.ml-' . The HPLC assay was found to be specific and selective.
Correlation between the postbox toy and WISC-R raw data was determined using Pearson productmoment correlation. To test any association between serum midazolam concentrations and the psychomotor performance ratios, Spear man rank correlation was employed using the computer interactive statistical program CSS:Statistica TM 12.
RESULTS
The 30 children had a mean age of 7.1 years (SD 2.3, range 4-12) and a mean body weight of 20.6 kg (SD 8.7, range 15-37). On arrival in the operating suite only one child was asleep and no child was crying or appeared distressed. On specific questioning, 20 children endorsed their objective appearance, stating that they were not frightened. The remaining children were frightened of either pain and needles, going to sleep and dying, strangers, or being separated from their mother (Table 1) . The mean fastest preoperative postbox toy completion time for the 30 children was 18.1 seconds (SD 5.9, range 11-37) and the mean highest preoperative WISC-R scale performance was 17.1 (SD 2.4, range [11] [12] [13] [14] [15] [16] [17] [18] [19] . The preoperative PBTR and WISC-R ratio at different times after premedication are shown in Table 2 and the relationship between midazolam concentrations, PBTR and WISC-R scale ratio are shown in Figure 3 . There was a significant decline from preoperative unmedicated, fastest performance for both PBT and WISC-R at 30 minutes after midazolam administration (P<O.OOl, 0.003 respectively). Some improvement was recorded in 73070 of children over the following 90 min with WISC-R performance almost Anaesthesia and Intensive Care, Vol. 22 , No. 5, October, 1994 returning to unpremedicated levels. Midazolam concentrations peaked to 72.2 (18.7) ng.ml-' at the 60 minute sample time and declined to a mean preoperative level of 35.7 (7.9) ng.ml-' at 2 hours. Plotting the log of the PBTR and the WISC-R scale ratio data for all the preoperative assessments demonstrated poor correlation (r = 0.3). Correlation between serum midazolam concentration and the WISC-R assessment was also poor (r = 0.01) and with PBTR, only slightly better (r = 0.2) ( Figure 4 ). Only one child refused assessment on two occasions when presented with the psychomotor tests after premedication. The two youngest children in the study were classified as irritable on a further three occasions but were calmed by mother and performed the assessment. All other children were either happy and playful or sleepy. Mood score data was not computed because the number of irritable children were few and no child appeared dysphoric. Nine children went to sleep following administration of midazolam with the incidence being evenly distributed throughout the twohour study period ( Table 3 ). All these children were easily rousable and application of the coma scale was clinically meaningless.
DISCUSSION
The place of midazolam 0.5 mg.kg 1 as an oral premedicant in children appears now to be established as safe and effective' and the results of this study endorse this view. The incidence of sleep at each preoperative assessment point was equally distributed over the two-hour period and appeared unrelated to serum midazolam levels. Midazolam is extensively bound to plasma proteins (94-980/0) and small changes in binding may cause large alterations in clinical response". There are no published data describing the variation between children in midazolam binding, and although the unbound fraction of midazolam may show a correlation with sedation, sleep incidence in this study seemed more to be influenced by the age of the child, the time of day when surgery was conducted and the position of the child on the operating list. The relatively frequent psychomotor assessments and blood sampling also combined to produce a stressful preoperative environment for the child which was not conducive to sleep. Weldon and colleagues found the sedative effect of midazolam to be maximal 30 minutes after oral administration l4 • Although most of the children in this study were not asleep at the 30 minute sample point, 56% of them scored their poorest psychmotor performance at this time.
Patient co-operation lowers anxiety levels during induction of anaesthesia and this improves performance of the staff delivering care. The pre-induction serum midazolam levels in this study were in the anxiolytic range of 20-50 {tg.ml-1 15.16. All children arrived in the operating room appearing quiet and calm and specific fears were difficult to elicit. Even with explicit questioning of the older children, 66% denied feeling frightened. The mean preinduction midazolam concentration was 35.7 {tg.ml-I and children who expressed their fears did not demonstrate low serum midazolam concentrations. Younger children who admitted fear demonstrated a non-specific anxiety, usually responding in the affirmative to all questions. Weldon and colleagues showed that 95% of the children separated from their parents within 45 minutes of premedication had satisfactory separation scores, compared to only 66% of those separated after 45
AnaeSlhes;a alld Inlells;"e Care. Vol. 22, No. 5, Oelober, 1994 minutes!4. Parnis and colleagues found that patients who received midazolam 0.5 mg.kg-1 were more likely to be asleep or awake and calm than those receiving a placebo, diazepam or midazolam 0.25 mg.kg-1 !'. Fifty-two subjects investigated in previously reported studies!8.!9 were also premedicated with midazolam 0.5 mg.kg-1 and atropine administered orally two hours preoperatively and were assessed preinduction. Ninety per cent were awake and apparently anxiety free, two patients were asleep and three children were visibly distressed when presenting for induction of anaesthesia. Vetter compared children receiving midazolam, diazepam or placebo and concluded that even without premedication, a majority of the children did not react negatively to an impending anaesthetic 20 . However, Vetter found midazolam to be superior to the placebo in facilitating the initial acceptance of the anaesthetic induction mask. The results of our premedication assessments are more in line with the findings of McMillan and colleagues' than those of Feld 4 who reported a relatively low incidence of "excellent" anxiolysis following midazolam premedication. There are many differences between each of the studies referred to. The age range of the patients, differing times of evaluations and crude method of mood assessment, all limit the usefulness of "separation anxiety" comparisons 2 !. Coma score was recorded but computed data provided no relevant clinical information, as even children who fell asleep were easily awakened.
This study confirms the work of Payne and coworkers! who measured peak serum concentrations at 60 minutes following oral administration of midazolam 0.5 mg.kg-1 • The mean peak midazolam concentration measured during this study at 60 min was 72.2 Itg.ml-1 , which falls within the sedative range and well below hypnotic levels. Two children recorded midazolam concentrations outside two standard deviations above the mean but there was no relationship between sleep and serum midazolam concentrations. Furthermore, peak serum levels did not correlate closely with the maximum decline in psychomotor performance, which occurred 30 minutes after drug administration in this study. The early maximum decline in performance may have been due to lack of practice or consequent upon IV cannula insertion rather than drug effect, the latter being masked by subsequent performance improvement despite the increasing serum midazolam concentration.
Tests of motor skills and co-ordination have been used to assess the effects of anaesthetic agents and the speed of recovery in adults 23 . Medicated children are difficult to study and the use of adult tests of psychomotor skill and cognitive function are in-Anaesthesia and Intensive Care, Vol. 22, No. 5, October, 1994 appropriate. Craig and colleagues used a postbox toy to assess recovery after anaesthesia in adult gynaecological patients 6 • Recovery from anaesthesia can also be assessed by a variety of intelligence tests which have been validated for assessment or pre-and postoperative cognitive function over a broad range of abilities in adults and children 24 . The WISC-R scale has been used to assess the effects of premedication, as well as the recovery from anaesthesia in adults 25 • 26 • We modified this test so that the child became his own control and thereby reduced the effect of interpatient variability but assessment may still be limited by the "test-retest" effect. The degree of performance impairment was the same for both tests but correlation between the WISC-R and PBTR data was weak. This may be explained by the relative weighting of the cognitive and physical components of each tese'. The WISC-R required sophisticated matching of symbols and shapes with legible writing in a designated space, but was not physically demanding. The PBT required recognition of simple shapes but placement in the matching holes required fine muscle control and coordination. Although the PBTR lacks discriminant efficiency, better methods of assessment such as critical flicker fusion threshold or choice reaction time, are very difficult to assess in children 21 . Many studies in children have simply used clinical parameters such as awakening or eye-opening, to assess recovery14. Most children enjoyed the postbox toy completion assessment during this study. The test is relatively easy to perform, provides a useful assessment of "street-readiness" for discharge! 8 , as well as a measurement of the gross effect of premedication on psychomotor performance.
This study has demonstrated the suitability of the postbox toy ratio for measurement of psychomotor performance in children because of its simplicity and ease of use in the clinical environment, but correlation with serum midazolam levels was low. The optimal timing for oral administration of the premedicant midazolam 0.5 mg.kg-1 is 30 to 60 minute preinduction when serum concentrations are maximal but may also produce satisfactory anxiolysis in most patients for up to two hours after oral administration. It is recognised that parental presence during the induction of anaesthesia may reduce the need for premedication in children 28 ; nevertheless, the sedative and anxiolytic effects of midazolam help to provide a quiet environment for a smooth induction of anaesthesia, particularly in children likely to be distressed by separation fears.
